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ABSTRACT 
 
We have performed ab-initio band structure calculations on more than two thousand 
half-Heusler compounds in order to search for new candidates for topological insulators. 
Herein, LiAuS and NaAuS are found to be the strongest topological insulators with the bulk 
band gap of 0.20 and 0.19 eV, respectively, different from the zero band gap feature reported 
in other Heusler topological insulators. Due to the inversion asymmetry of the Heusler 
structure, their topological surface states on the top and bottom surfaces exhibit p-type and 
n-type carriers, respectively. Thus, these materials may serve as an ideal platform for the 
realization of topological magneto-electric effects as polar topological insulators. Moreover, 
these topological surface states exhibit the right-hand spin-texture in the upper Dirac cone, 
which distinguish them from currently known topological insulator materials. Their 
topological nontrivial character remains robust against in-plane strains, which makes them 
suitable for epitaxial growth of films. 
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I. INTRODUCTION 
Topological insulators (TIs) that are characterized by metallic surface states inside the 
bulk band gap have attracted great attention in the recent years [1-17]. Recently, various 
searches for new topologically nontrivial phases have been extended to ternary compounds 
[18-24]. In particular, many half-Heusler compounds have been predicted to be TI by band 
structure calculations [18, 19, 25]. Their band structures are characterized by a band inversion 
at the Γ point, which is similar to that of another known TI, HgTe. However, most of the 
reported Heusler TIs exhibit zero band gap [25-27], which may result in carriers in the bulk 
by thermal excitation at finite temperatures. External strains or structure distortions are 
required to open the bulk band gap, which is usually in the order of meV, to realize a real TI. 
Though a few negative spin-orbit splitting induced half-Heusler TIs (including LiAuS and 
NaAuS) with large gap were reported by Zunger et al [28], it is not clear whether more TIs 
with large gaps exist in half-Heusler compounds. Therefore, a systematic survey of new 
half-Heusler topological insulators with considerable band gap is strongly demanded, as well 
as the electronic property study of the attractive candidates. 
Half-Heusler compounds (chemical formula MM’X) are usually non-magnetic and 
semiconducting when the number of total valence electrons is 18, 
VM + VM’ +VX =18, 
so called 18-electron-rule. Therefore, half-Heusler compounds that satisfy this rule are natural 
candidates to search for TIs. Here, M and M’ represent elements from group IA to group IIB 
except H, Cs, La series, and those in period 7. A total of 38 chemical elements are taken into 
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account. X is chosen from group IIIA to group VIIA except F, At, Po and those in period 7 
with a number of 22 elements in total. Totally we have 2295 compounds as possible 
candidates for TIs. We define the band inversion strength, △, by the energy difference 
between the Γ6 states and the conduction bands minimum (CBM). So negative values of △  
correspond to the topologically nontrivial materials, while the positive values represent the 
topologically trivial materials. Among all these materials, we found that LiAuS and NaAuS 
are the most interesting TIs with the bulk band gap of 0.20 and 0.19eV, respectively. In 
particular, they distinguish from currently known topological insulator materials with their 
topological surface states exhibit the right-hand spin-texture in the upper Dirac cone. 
 
II. COMPUTATIONS 
The calculations were carried out with the spin polarized density functional theory (DFT) 
as implemented in Vienna ab initio simulation package (VASP) [29]. The 
Perdew-Burke-Ernzerhof type generalized gradient approximation (GGA) [30] was adopted 
for the exchange and correlation functionals. A plane wave cutoff of 450 eV and a 5×5×5 
Monkhorst–Pack k-point mesh are used for the calculation. To confirm the reliability of our 
calculation, we also calculated the band inversion strength of YAuPb, of which the calculated 
△ is -0.72 eV, in excellent agreement with refs. 18 and 19. All the calculations are performed 
with spin-orbit coupling (SOC).The crystal structure of half-Heusler compounds is described 
by the space group mF 34 , with C1b structure and the atomic arrangement is presented in Fig. 
1. These compounds are assigned the chemical formula MM’X and the positions of the 
nonequivalent atoms in Wyckoff coordinates are: M atoms at (1/2 1/2 1/2), M’ at (1/4 1/4 1/4) 
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and X at (0 0 0) [31]. 
 
III. RESULTS AND DISCUSSION 
The calculated equilibrium lattice constants, band inversion strengths, and bulk band 
gaps of the systems with band gaps greater than 0.08 eV are listed in Table I. It was reported 
that [25, 32] the computations based on the local-density approximation(LDA) or GGA often 
result in a smaller value of the band inversion strength comparing with the MBJLDA [33] 
result. Particularly, ScAuPb and YPdBi are predicted of small negative band inversion 
strength in LDA, but become positive when using MBJLDA potential [32]. However, we find 
that the error between LDA or GGA and MBJLDA is within 0.3 eV for most of the 
half-Heusler candidates in the literature, and all the half-Heusler topological insulators with 
more than 1.0 eV band inversion strengths are predicted to be topologically nontrivial phases 
[25, 33]. In fact, the band inversion strengths of LiAuS and NaAuS are calculated to be -1.35 
and -1.48 eV in our work, much beyond the error bar. In addition, their bulk band gaps are 
calculated to be 0.20 and 0.19 eV respectively, though suffering the well-known 
underestimation of band gaps by GGA. 
The calculated band inversion results of the 2295 half-Heusler candidates MM’X are 
shown in Fig. 2 by the pentagons, of which the five sections are corresponding to the five 
possible choices for the anion(X position), from period 2 to 6 based on 18-electron-rule. Both 
M and M’ are indexed with periods 2 to 6 of group I and group II elements, followed by the 
transition metals of periods 4 and 6 except Cs and La series. Since Po, F and At are not taken 
into account, those pentagons corresponding to group VIA and VIIA anions have only four 
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and three sections, respectively. For example, if we choose Be and Co for M and M’ 
respectively, X is fixed with Cl, Br, and I at group VIIA except F and At. The colored 
sections stand for the topologically nontrivial systems with band inversions. The various 
colors are corresponding to the compounds with anions at various periods as shown in the 
color bars in Fig. 2. 
In total, there are 779 candidates are found to have band inversions, mostly distributed at 
the ends of the each strip of pentagons, which are separated in nine large strip regions due to 
the 18-electron rule. Some of these systems are already reported, such as M=Lu, La, Sc, and 
Y, M’=Pt, Pd, Au, and Ni, and X=Sb, Bi, and Sn [19, 25], as well as the group of (Li, Na, K, 
Rb)-(Au)-(O, S) and (Sc, Y, La, Lu)-(Au)-C [28]. Nevertheless, most of them are new 
discovered topologically nontrivial systems, for instance, LiPdCl, SrPtS and BaPtS are new 
candidates with large bulk band gaps. In addition, according to Fig. 2, we find that: 
i). Regarding the choice of M and M’, most of the half-Heusler compounds with band 
inversion are corresponding to the relative large difference of the valence electron number 
between M and M’. Especially, there are two major band inversion regions where M and M’ 
correspond to the elements of group IA or group IIA. This is reflected in Fig. 2 by the 
distribution of color sections at the ends of each strip of pentagons. However, there is an 
exception, i.e., band inversion is rare for X=group VIIA when M and M’ are corresponding to 
group IA and IIA. For instance, in the case of M=Na, NaHg-V, NaAu-VI, and NaPt-VII, are 
located at the left-top corner with colored sections except NaPtCl and NaPtBr. 
ii). When X is chosen from group VIA or VIIA, more chances of band inversion in the 
half-Heusler compounds. There is no system with band inversion at the upper side of the 
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middle of the strips. For instance, in the case of M=Cr, CrCo-III, CrFe-IV, and CrMn-V, are 
located at the upper side of the middle of the strip without colored sections, while CrCr-VI 
and CrV-VII are colored with one section each, corresponding to the nontrivial insulators of 
CrCrO and CrVBr. In general, this is in line with the rule of thumb, i.e., the anions with 
strong electronegativity (especially for group VIA and VIIA) are easier to have topologically 
nontrivial phases, though there are errors for the calculation band gaps within LDA/GGA 
accuracy. 
iii). From points i) and ii) above, we expected that nontrivial topological insulators are 
likely to appear in the cases where M and M’ correspond to the elements of group IA or group 
IIA, and the anions are chosen in group VIA. Finally, it turns out that LiAuS and NaAuS are 
topologically nontrivial phases with the greatest band gaps of 0.20 and 0.19eV. 
We count the band inversion strengths and band gaps of these alloys, as the 
corresponding results shown in Fig. 3. The band inversion strengths of most of these alloys 
are less negative than -2 eV. Although, nearly 68% of them are found to have small band gaps, 
and the numbers of the alloys drops quickly with the increasing band gaps. We find that 
LiAuS and NaAuS are excellent topological insulators with the bulk band gaps of 0.20 and 
0.19eV. Consequently, the trend of bulk band gaps of MAuS as M changes from Li, Na, K, to 
Rb are investigated (c.f. Fig. 4), in order to get some insight of the large gap of LiAuS. From 
Fig. 4, we notice that the band inversion strengths getting larger while the bulk band gaps 
become smaller from Li to Rb. In other words, topological insulators with lighter elements are 
often possessing larger bulk band gaps. This is in line with the trend of band gaps in 
traditional semiconductors. These rules of thumb may be helpful to guide the searching for 
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new half-Heusler topological insulators with large bulk band gaps. 
The band structures of LiAuS and NaAuS, which possess the largest band gaps in all the 
2295 studied cases, are plotted in Fig. 5. The size of red dots denotes the degree of Au-s 
orbital near the Γ point. Near the Fermi level, the degenerate bands split into two states due to 
SOC, forming valence bands maximum (VBM) and CBM. In these two compounds, we note 
that the sign of SOC splitting is negative [28], i.e. J=3/2 state(Γ8) is below J=1/2 state(Γ7). 
Because of the negative SOC splitting, LiAuS and NaAuS exhibit the band gap, in contrast to 
other half-Heusler TIs wherein SOC splitting is positive and consequently induces the 
degenerate VBM and CBM at the Γ point. As shown in Fig. 5, the Γ6 band(Au-s orbital) lies 
below the Γ7band(mainly S-p orbital). This exhibits s-p band inversion once at Γ point. The 
negative value of △  indicates the topologically nontrivial feature. Thus LiAuS and NaAuS are 
strong TIs with large bulk band gaps of 0.20 and 0.19 eV, showing great potential in 
spintronic applications. 
As seen above, LiAuS has a large band gap under s-p band inversion. We have extracted 
maximally localized Wannier functions [34, 35] from our ab initio calculations. The wave 
functions are projected to Au-s d and S-p orbitals. Then we constructed a large slab model to 
simulate the LiAuS(111) surface, which contains 20 unit-cell layers (around 20nm thick). The 
top and the bottom terminations of the slab are S and Au, respectively. As shown in Fig. 6, 
gapless surface states exist inside the bulk band gap in the vicinity of the Γ point. One can 
observe two pairs of Dirac type of surface states: one is due to the top surface (S termination) 
and the other is due to the bottom surface (Au termination). Because of the lack of inversion 
symmetry in the LiAuS slab model, the top and bottom surface states are not degenerate in 
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energy and exhibit different energy dispersion. The fact that only one pair of surface states on 
a given surface (a single Fermi surface) is a strong evidence of the topologically nontrivial 
feature of LiAuS. As we can see, there is an emerging electric dipole field between top and 
bottom surface, similar to previously reported TIs, LaBiTe3 [36] and BiTeCl [37]. Therefore, 
one can find that the surface Dirac cone is p-type and n-type doped on the S-terminated and 
Au-terminated surfaces, respectively, as shown in Fig. 6. Given the topologically nontrivial, 
the intrinsic dipole field makes these two compounds an ideal platform for the realization of 
topological magneto-electric effects [38]. Moreover, we observed a right-hand spin texture in 
the upper Dirac cone. This is opposite to previously known TI materials such as Bi2Se3 [12, 
13, 39]. The unique spin vortex on LiAuS type TIs is attributed to the negative sign of SOC 
[40], which can exhibit exotic topological phenomena when interfaced with a left-hand TI 
material [40,41]. 
It is worthwhile to further investigate the strain effect on the band inversion strengths 
and bulk band gaps for LiAuS and NaAuS, since strains often exist in the interfaces of 
devices. In the simulations, the c-axis is unconstrained(free to relax) for a given in-plane 
lattice constant a in the ranges of 5.33 Å-6.64 Å and 5.64 Å-6.95 Å, i.e. with strains of-11.0% 
to 11.0% and -10.4% to 10.4%, respectively. As shown in Fig. 7, we find that the minimum of 
band inversion strengths is near the equilibrium lattice and it increases as the lattice constant 
deviates from the equilibrium. Particularly, they change rapidly when the lattice constant 
increases from the equilibrium value, while it changes much slower under negative strains.  
It is also clear that the range ability of LiAuS is much larger than that of NaAuS. In addition, 
the maximum of bulk band gaps of LiAuS and NaAuS are at their equilibrium lattices and the 
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strain leads to smaller gaps. Beyond certain point (5.59 Å for LiAuS, and and 5.77 Åfor 
NaAuS) as the lattice decreases, the bulk band gaps of the systems become negative, 
indicating a transition from topological insulators into topological metals. Nevertheless, the 
bulk band gaps keep positive under tensile strain up to 11.0% and 10.4% for LiAuS and 
NaAuS, respectively. 
 
IV. CONCLUSION 
In summary, we have studied 2295 candidates of half-Heusler alloys to search for 
topological insulators with large band gaps. We find some rules of thumb, i.e., band 
inversions often require a large difference of the valence electron numbers between M and M’. 
Interestingly, LiAuS and NaAuS are excellent nontrivial topological insulators with band 
gaps of 0.20 and 0.19eV, respectively, holding great potentials making them suitable for 
spintronic applications. They are also unique with their topological surface states exhibit the 
right-hand spin-texture in the upper Dirac cone. The band inversion strengths and bulk band 
gaps of these systems are found to be robust under large in-plane strains, which make them 
suitable for epitaxial growth of films. 
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TABLE I 
Calculated equilibrium lattice constant (a0), band inversion strengths (△), and bulk band gaps 
(Eg) of the half-Heusler topological insulators. 
Compound a0(Å) △(eV) Eg(eV) 
LiPdCl 
LiAuO 
LiAuS 
NaAuO 
6.02 
5.61 
5.99 
5.98 
-0.85 
-2.39 
-1.35 
-2.33 
0.11 
0.14 
0.20 
0.16 
NaAuS 
KAuO 
KAuS 
RbAuO 
RbAuS 
SrPtS 
BaPtS 
6.30 
6.45 
6.77 
6.64 
6.99 
6.61 
6.88 
-1.48 
-1.42 
-0.94 
-1.28 
-0.87 
-1.63 
-1.19 
0.19 
0.13 
0.12 
0.10 
0.10 
0.10 
0.16 
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Figure captions: 
)LJXUH/LQHWDO  
FIG. 1. The crystal structure of half-Heusler compounds MM’X. 
)LJXUH/LQHWDO  
FIG. 2. The band inversion results of 2295 half-Heusler candidates MM’X. The colored 
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sections correspond to the systems with band inversion, i.e. TIs, as the colors stand for the 
anions at various periods as shown in the color bars below the figure. All the systems are 
shown by the pentagons in the two-dimensional graph indexed by the elements in positions M 
and M’, when five possible choices, ranging from period 2 to 6 based on the 18-electron-rule, 
for anion X are represented by five sections of each pentagon. Here, both M and M’ are 
indexed with periods 2 to 6 of group I and group II elements, followed by the transition 
metals of periods 4 and 6 except Cs and La series. Those pentagons with only four and three 
sectionsare corresponding to the compounds with anions at group VIA and group VIIA, 
respectively, where elements Po, F and At are not taken into account. 
Figure 3 Lin et al  
FIG. 3. The statistics of band gaps and band inversion strengths (inset panel) of the possible 
topologically nontrivial insulators. 
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)LJXUH/LQHWDO  
FIG. 4. The band inversion strengths and bulk band gaps of the MAuS (M=Li, Na, K, and 
Rb). 
)LJXUH/LQHWDO  
FIG. 5. The band structures of the half-Heusler topological insulators (a) LiAuS and (b) 
NaAuS. The horizontal dash lines indicate the VBM. Size of red dots denotes the degree of 
s-like occupancy near the Γ point. 
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Figure 6 Lin et al  
FIG. 6. Surface band structure from a slab model. The red line represents surface states from 
the top surface (S terminated) and the blue line represents those from bottom surface (Au 
terminated).The Dirac cone of the top surface is highlighted on the right panel. The right-hand 
spin texture exists at the upper Dirac cone. 
)LJXUH/LQHWDO  
FIG. 7. The band inversion strengths and bulk band gaps as a function of the in-plane lattice 
constant for (a) LiAuS and (b) NaAuS. The vertical dash line indicates the equilibrium lattice 
constant. 
